
Biologically inspired model of path 
integration based on head direction 

cells and grid cells 

Key words: Head direction cells (HDCs), Grid cells (GCs), Path 
integration, Bionic navigation 
 

Yang Zhou, De-wei  Wu, 2016. Biologically inspired model of path 
integration based on head direction cells and grid cells. Frontiers of 
Information Technology and Electronic Engineering, 17(5):435-448. 
http://dx.doi.org/10.1631/FITEE.1500364 

Contact: Yang Zhou  
E-mail: yydayl@sina.cn 
    ORCID: http://orcid.org/0000-0002-8384-7842 

Front In
form

 Technol E
lectro

n Eng



Introduction 
• With the development of biology, neuroscientists have found that  

head direction cells (HDCs) and grid cells (GCs) are related to the 
running direction and distance.  

 

•  To provide a bionic approach for the vehicle to achieve path 
integration, we present a biologically inspired model of path 
integration based on the firing characteristics of HDCs and GCs. 

 

• In the proposed model, the navigation physics parameters are 
effectively associated with the firing of cells, which can finally 
provide path integration information for the vehicle through a bionic 
approach. 
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 Process of the path integration 
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Path integration 
results (1) 
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Path integration results (2) 
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Path integration results (3) 
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Conclusions 

• The proposed path integration model is proved to be realizable, 
and the navigation physics parameters can be obtained by 
perceiving the firing of HDCs and GCs, which shows the validity 
of the relation between the navigation physics parameters and 
the firing of cells. 

• The model parameters, such as the number of HDCs, grid 
spacing and firing field radius, influence the path integration 
performance, and the setting conditions of grid spacing and 
firing field radius provided in the Section 2.3.2 are effective.  
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